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Introduction
　Betula species, such as B. platyphylla var. japonica, B. davurica, B. 
grossa, and B. schmidtii, are distributed primarily in the deciduous 
broad-leaved forests on the Pacific side of eastern Japan （Kurata 
1966）. They exhibit characteristics of pioneer species, and their distri-
butions are governed by related environmental conditions （Tabata 
1966）. However, the factors controlling their distribution have rarely 
been reported.
　The habitats of Betula spp. are widely distributed and they are shared 
by related species in northeast Asia. These species are referred to as 
northern circumpolar elements （Hotta 1974）. It is likely that the Japa-
nese distribution of these species has been infl uenced by geohistorical 
changes in the Japanese Islands. However, different species exhibit 
variation in their habitat specifi city. For example, suitable habitats for B. 
davurica are restricted to landslide slopes （Ogawa and Okitsu 2011）, 
volcanic fans （Hoshi 2000）, and hilly terrain （Kawabe et al. 1995; 
2003）. The habitats of B. schmidtii are mainly restricted to steep, rocky 
ridges, while the habitat of B. grossa is restricted to the local terrain 
（Kurata 1968）. These examples suggest that factors other than geohis-
torical changes are responsible for the distribution of Betula spp. habi-
tats.
　Factors controlling the distribution of Betula spp. habitats have been 
inferred from the existing literature. B. platyphylla var. japonica, B. da-
vurica, and B. grossa forests appear to be formed along gentle hillside 
slopes in areas that experience frequent landslides, which are geologi-
cally characterized by Sambagawa metamorphic rocks （Ogawa and 
Okitsu 2010）. These forests originated during a period when the fre-
quency of landslides outpaced forest regeneration. Thus, it is conceiv-
able that frequent landslides attributable to the geological characteristics 
of the landscape may control the habitat distributions of the three Betu-
la spp. Among these species, B. grossa trees are distributed in small 
canopy gaps created by the uprooting of trees （Yamamoto 1989） and 
are also cultivated in soil seed banks （Kubota et al. 2008）. Thus, the 
factors controlling the distribution of B. grossa trees may differ from 
those of B. platyphylla var. japonica and B. davurica. B. schmidtii trees 
are distributed primarily in areas with Chichibu paleo-mesozoic rocks 
and steep, rocky ridges （Ogawa 2011）. This report suggested that the 
specifi c ecological and environmental conditions, such as lack of inva-
sion by competing tree species and stability of the soil surface during 
tree growth, found in B. schmidtii habitats are necessary for their 
growth. Thus, B. schmidtii trees are distributed in areas containing Chi-
chibu paleo-mesozoic rocks that provide the necessary environmental 
conditions. The factors that control the distribution of the four Betula 
spp. habitats suggest a relationship with landform conditions associated 
with geological differences. However , very few studies have discussed 
the relationship between geological characteristics and the distribution 
of vegetation in deciduous broad-leaved forest regions. 
　Therefore, in this study, we aimed to elucidate factors that infl uence 
the habitat distributions of four Betula spp. through surveys of land-
form conditions associated with geological differences.
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Abstract
　Betula spp. are distributed primarily in deciduous broad-leaved forests on the Pacifi c side of eastern Japan. They 
exhibit characteristics of pioneer species and their distributions are governed by environmental conditions. 
However, the precise factors that control their distributions remain unclear. In this study, we aimed to elucidate 
factors that influence the distribution of suitable habitats for four Betula spp. （B. platyphylla var. japonica, B. 
davurica, B. grossa, and B. schmidtii） in the Soto-Chichibu Mountains. The habitats of B. platyphylla var. japonica 
and B. davurica were mainly distributed along the upper slopes of Sambagawa metamorphic rocks area. Areas 
containing Sambagawa metamorphic rocks often experience geomorphic disturbances, such as landslides, which 
results in the formation of open sites and gentle slopes. The habitats of B. grossa and B. schmidtii were distributed 
mainly along the upper and lower slopes （B. grossa） and the rocky ridges （B. schmidtii） of the Chichibu paleo-
mesozoic rocks area. These areas contain steep ridges and slopes due to land formation and they often experience 
surface soil disturbances, such as soil movement, which result in the formation of canopy gaps. In contrast, steep, 
rocky ridges, such as dwarf forests, are relatively stable areas. Thus, we concluded that the distribution of the 
habitats of the four Betula spp. was controlled by landform conditions associated with geological differences.
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Survey area
　The survey area for this study was the Soto-Chichibu Mountain 
range in central Japan （Figure 1）. The four aforementioned Betula spp. 
are mainly distributed over the Soto-Chichibu Mountains on the Pacifi c 
side of eastern Japan. We primarily surveyed the natural forests near 
Mt. Kamabuseyama （altitude, 582 m）, Mt. Kasayama （altitude, 837 
m）, Mt. Maruyama （altitude, 960.3 m）, Mt. Izugatake （altitude, 850.9 
m）, and Mt. Arimayama （altitude, 1213.5 m）.
　The survey area’s geological conditions mainly include Sambagawa 
metamorphic rocks and Chichibu paleo-mesozoic rocks （Figure 1）. 
Sambagawa metamorphic rocks are distributed throughout the northern 
region, and Chichibu paleo-mesozoic rocks are distributed throughout 
the southern region.
　The survey area’s vegetation consists of Castaneo-Quercetum serra-
tae and Castaneo-Quercetum mongolicae grosseserratae （Environment 
Agency 1981; 1984）. In the tree layer, Quercus serrata, Q. mongolica 
var. crispula, and Castanea crenata are dominant, but Carpinus japoni-
ca, Carpinus cordata, Acer mono, Prunus jamasakura, and other spe-
cies are also present. In the lower layer, the ridge areas are characterized 
by Clethra barbinervis, Ilex macropoda, Stephanandra incisa, Lindera 
umbellata, and other species. The lower slopes are characterized by 
Parabenzoin praecox, Styrax japonica, Euptelea polyandra, and other 
species.
Survey method
　Surveys were conducted to study the distribution and surrounding 
environmental conditions of the habitats of Betula spp. in the Soto-Chi-
chibu Mountains. Betula spp. habitats included forests （areas contain-
ing ≥5 trees） and trees （areas containing <5 trees）. The distribution 
survey method was designed to explore the mountain and forest roads 
and surrounding areas. Although we did not expect our fi ndings to ex-
plain the precise distribution of all Betula spp. habitats, we did consider 
that they could explain trends observed in Betula spp. habitat distribu-
tions.
　A conditions survey was conducted to determine the landform, incli-
nation, and surface soil characteristics of Betula spp. habitats, which 
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Figure 1　 Map of the survey area and its geological 
characteristics
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Figure 2　 Distributions of four Betula spp. habitats （forest and 
trees） in the Soto-Chichibu Mountains
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was executed by a field survey in all Betula spp. habitats. Based on 
these results, landforms were categorized as ridges, upper slopes, or 
lower slopes. Inclinations were categorized as <15°, 15‒30°, or >30°. 
Surface soils were categorized as fume soils, landslide stony soils, or 
rocky soils.
Results
Distributions of four Betula spp. habitats
　Figure 2 shows the distributions of four Betula spp. habitats in the 
Soto-Chichibu Mountains. B. platyphylla var. japonica and B. grossa 
habitats were distributed throughout the study areas, although their dis-
tributions differed in the northern （Sambagawa metamorphic rocks） 
and southern region （Chichibu paleo-mesozoic rocks）. The altitude of 
B. platyphylla var. japonica habitats was approximately 1000 m in the 
Chichibu paleo-mesozoic rocks area but only 500 m in the Sambagawa 
metamorphic rocks area. B. grossa habitats consisted primarily of for-
ests and trees in the Chichibu paleo-mesozoic rocks area, whereas only 
a few forests were observed in the Sambagawa metamorphic rocks 
area. 
　The distributions of B. davurica and B. schmidtii habitats were re-
stricted primarily to the Sambagawa metamorphic and Chichibu paleo-
mesozoic rocks areas, respectively.
Distribution densities of Betula spp. habitats according to geologi-
cal conditions
　Table 1 shows the distribution densities of Betula spp. habitats ac-
cording to their geological characteristics. The survey was conducted 
within a 320 km2 area, which included 95 km2 of Sambagawa meta-
morphic rocks, 180 km2 of Chichibu paleo-mesozoic rocks, and 45 km2 
of sedimentary rocks. 
　According to our fi ndings, B. platyphylla var. japonica （0.14/km2, 
total 46 habitats） and B. davurica （0.10/km2, total 33 habitats） habitats 
were more widely distributed in areas containing Sambagawa meta-
morphic rocks. In the Sambagawa metamorphic rocks area, the distri-
bution densities were 0.22/km2 for B. platyphylla var. japonica （21 
habitats） and 0.34/km2 for B. davurica （32 habitats）. B. platyphylla 
var. japonica habitats were also present in the Chichibu paleo-mesozoic 
rocks area but with a low distribution density （0.14/km2, 25 habitats）.
　B. grossa （0.18/km2, total 59 habitats） and B. schmidtii （0.11/km2, 
total 34 habitats） habitats were distributed more widely than the other 
Betula species in areas containing Chichibu paleo-mesozoic rocks. In 
the Chichibu paleo-mesozoic rocks area, the distribution densities were 
0.28/km2 for B. grossa （51 habitats） and 0.17/km2 for B. schmidtii 
（31 habitats）.
　Betula spp. habitats were not found in sedimentary rocks area.
Landform, inclination, and surface soil characteristics of Betula 
spp. habitats
　Table 2 shows the distributions of Betula spp. habitats according to 
the landform, inclination, and surface soil characteristics. The habitats 
of all Betula spp., excluding B. schmidtii, were located most frequently 
along the upper slopes with moderate inclinations （15‒30°） and stony 
soils, although approximately one-third of B. grossa habitats were lo-
cated in areas with steep inclinations （>30°）. In contrast, B. schmidtii 
habitats were distributed most frequently on ridges with gentle inclina-
tions （<15°） and rocky soils, although approximately 35% of these 
habitats were located in areas with moderate inclinations （15‒30°）.
46 HortResearch № 66
Table 1　 Distribution densities （habitat/km2） of four Betula 
spp. habitats according to the geological conditions
［  ］ shows the habitats number.
Species* Bp Bd Bg Bs
Sambagawa metamorphic 
rocks （95 km2）
0.22 ［21］0.34 ［32］0.08 ［ 8］ 0.03 ［ 3］
Chichibu paleo-mesozoic 
rocks （180 km2）
0.14 ［25］0.01 ［ 1］0.28 ［51］0.17 ［31］
Sedimentary rocks
（45 km2）
― ― ― ―
All areas
（320 km2）
0.14 ［46］0.10 ［33］0.18 ［59］0.11 ［34］
*  Bp: Betula platyphylla var. japonica,  Bd: Betula davurica,   Bg: Betula 
grossa,  Bs: Betula schmidtii.
Table 2　 Proportions of four Betula spp. habitats according to the 
landform, inclination, and surface soil characteristics
Species* Bp Bd Bg Bs
Landform
　Ridge 28.3 20.6 25.4 94.1
　Upper slope 67.4 76.5 50.9  5.9
　Lower slope  4.3  2.9 23.7  0.0
Inclination
　<15° 34.8 26.5 18.6 55.9
　15-30° 60.8 67.6 49.2 35.3
　>30°  4.4  5.9 32.2  8.8
Surface soil
　Humes 23.9 20.6 13.6  2.9
　Stony 69.6 70.6 64.4  5.9
　Rocky  6.5  8.8 22.0 91.2
*  Bp: Betula platyphylla var. japonica,  Bd: Betula davurica,   Bg: Betula 
grossa,  Bs: Betula schmidtii.
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Discussion
Distribution type
　Our fi ndings indicated that the distribution of Betula spp. habitats in 
the Soto-Chichibu Mountains could be categorized into three types: B. 
platyphylla var. japonica and B. davurica habitats, B. grossa habitats, 
and B. schmidtii habitats （Table 3）. B. platyphylla var. japonica and B. 
davurica habitats were primarily distributed along the upper, moderate 
slopes with stony soils and Sambagawa metamorphic rocks in the 
northern region. B. platyphylla var. japonica habitats were also distrib-
uted in Chichibu paleo-mesozoic rocks area in the southern region, al-
though at a low density. B. grossa habitats were distributed primarily 
on moderate slopes with stony soils in Chichibu paleo-mesozoic rocks 
area in the southern region. However, they were also distributed on 
steep slopes with stony soils in this region. B. schmidtii habitats were 
distributed primarily on upper ridges with rocky soils in Chichibu pa-
leo-mesozoic rocks area in the southern region. These fi ndings indicate 
that the distributions of these four Betula spp. habitats can be classifi ed 
according to the geological characteristics and landform conditions.
Geological control of landforms and distributions of Betula spp.
　Sambagawa metamorphic rocks contain clay minerals as a result of 
weathering. Thus, areas containing these rocks often experience geo-
morphic disturbances, such as landslides, which result in the formation 
of open sites and gentle slopes （Yatabe et al. 2000）. In fact, Mt Maruy-
ama is located on a gentle slope in the northern region that often experi-
ences geomorphic disturbances, such as landslides, and it provides suit-
able habitats for B. platyphylla var. japonica and B. davurica forests 
（Ogawa and Okitsu 2010）. In landslide areas, these forests were 
formed during a period when landslides occurred more frequently than 
Betula forest regeneration. In these areas, the locally dominant species 
are Q. serrata and Q. mongolica var. crispula, which do not provide 
shady conditions. Thus, we considered that the observed distributions 
of B. platyphylla var. japonica and B. davurica habitats were due to ad-
aptation to landform conditions associated with Sambagawa metamor-
phic rocks.
　Limestone, chert, and sandstone, which are found in Chichibu paleo-
mesozoic rocks, can tolerate weathering and erosion. Therefore, areas 
containing Chichibu paleo-mesozoic rocks do not experience geomor-
phic disturbances, such as landslides, and as a consequence their slopes 
remain steep （Ishii et al. 1991）. By this report, we suggest that steep 
slopes are susceptible to geomorphic disturbances such as soil move-
ment, whereas the surface soil stability of rocky ridges is high. B. gros-
sa trees are distributed in small canopy gaps created by the uprooting of 
trees （Yamamoto 1989） and are also cultivated along soil seed banks 
（Kubo et al. 2008）. Therefore, the formation of B. grossa forests is not 
dependent on open sites, which is the case for B. platyphylla var. japon-
ica and B. davurica forests. In addition, B. grossa trees are not neces-
sarily distributed on gentle slopes. B. grossa habitats can be distributed 
on steep and gentle slopes. Thus, we considered that B. grossa was 
more adapted to Chichibu paleo-mesozoic rocks area than other Betula 
species.
　B. schmidtii habitats are distributed in areas containing Chichibu pa-
leo-mesozoic rocks with steep, rocky ridges （Ogawa 2011）. According 
to this report regarding B. schmidtii habitats, the local dominant species 
are Q. serrata and Q. mongolica var. crispula trees and rocky ridges 
typically contain dwarf forests that do not provide shady conditions. 
These ranges consist of many B. schmidtii saplings, adult trees, and 
large adult trees. B. schmidtii habitats were characterized by the distri-
bution of many saplings in the lower forest layers. In contrast to other 
three Betula spp., B. schmidtii trees may be maintained by successive 
regeneration. We consider that the observed distribution of B. schmidtii 
trees was regulated by a regeneration mechanism and that this species 
is adapted to areas containing steep rocky ridges in the Chichibu paleo-
mesozoic rocks area.
　We conclude that the four Betula spp. habitats observed in this study 
are controlled by landform conditions that are associated with the local 
geological characteristics, which result in the formation of open sites, 
canopy gaps, and dwarf forests in the Soto-Chichibu Mountains.
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Table 3　 Distributions of four Betula spp. habitats and the relationships between geological characteristics and landform conditions 
in the Soto-Chichibu Mountains
Gentle slope and Stony soil Steep slope and Stony soil Ridge and Rocky soil
Sambagawa metamorphic rocks
Betula platyphylla var. japonica
Betula davurica
― ―
Chichibu paleo-mesozoic rocks Betula grossa Betula grossa Betula schmidtii
CW3_AZ096_07_D09.indd   47 2012/04/16   15:50:13
プロセスシアンプロセスマゼンタプロセスイエロープロセスブラック
References
Environment Agency （1981） The 2nd natural survey on the natural environ-
ment （Vegetation）, Saitama actual vegetation maps 1:50000 ［Chichibu］. 
Environment Agency, Tokyo （in Japanese）.
Environment Agency （1984） The 3rd natural survey on the natural environ-
ment （Vegetation）, Saitama actual vegetation maps 1:50000 ［Yorii］. En-
vironment Agency, Tokyo （in Japanese）.
Hotta, M. （1974） Evolutionary biology in plants, History and geography of 
plants. Sanseido, Tokyo, 400p （in Japanese）.
Hoshi, N. （2000） Phytosociological study of the Betula davurica communi-
ties in the Kiyosato and Nobeyama plateau, central Japan. Journal of Phy-
togeography and Taxonomy, 43: 35-45 （in Japanese with English summa-
ry）.
Ishii, A., Takahashi, O. and Hashimoto, K. （1991） Distribution of the land-
slide confi gurations in the Chichibu Paleo-Mesozoic area of east Chichibu 
district, with reference to lithology and geologic structure. Bulletin of the 
Saitama Museum of Natural History, 9: 31-40 （in Japanese with English 
summary）.
Kawabe, M., Hiki, T., Hirata, M., Matsuda, M. and Saito, S. （1995） Distribu-
tion of Betula davurica Pallas in Tokachi district, Hokkaido. Bulletin of Hi-
gashi Taisetu Museum of Natural History, 17: 101-106 （in Japanese with 
English summary）.
Kawabe, M., Matsuda, M., Hiki, T. and Hirata, M. （2003） Distribution of 
Betula davurica in Kitami district, Hokkaido. Bulletin of Higashi Taisetu 
Museum of Natural History, 25: 97-99 （in Japanese with English summa-
ry）.
Kubo, M., Kawanishi, K., Shimano, H., Sakio, H. and Ohno, K. （2008） The 
species composition of soil seed banks in the Ooyamazawa riparian forest, 
in the Chichibu mountains, central Japan. Journal of the Japanese Forest 
Society, 90: 121-124 （in Japanese with English summary）.
Kurata, S. （1968） Illustrated important forest trees of Japan. Vol. 2, Chiky-
usha, Tokyo, 265p （in Japanese）.
Ogawa, S. （2011） Site environments and maintenance of Betula schmidtii 
forest on the steep ridge in Chichibu Mountains, central Japan. Proceedings 
of the General Meeting of the Association of Japanese Geographers, 79: 
237 （in Japanese）.
Ogawa, S. and Okitsu, S. （2010） Site environments and maintenance of Bet-
ula （birch） forests in the Soto-Chichibu Mountains, central Japan. Vegeta-
tion Science, 27: 73-81 （in Japanese with English summary）.
Ogawa, S. and Okitsu, S. （2011） Factors affecting the distribution of Betula 
davurica forests on a landslide area in the Soto-Chichibu Mountains, cen-
tral Japan. Geographical Review of Japan Series A, 84: 74-84 （in Japanese 
with English summary）.
Tabata, H. （1966） A contribution to the biology of Japanese birches. Memoirs 
of the College of Science, Kyoto University, Series B, 32: 239-271.
Yamamoto, S. （1989） Gap dynamics in climax Fagus Crenata forests. The 
Botanical Magazine, 102: 93-114.
Yatabe, R., Yokoyama, K., Ishii, T. and Yuube, M. （2000） General character-
istics of landslides in Shikoku region. Journal of the Japan Landslide Soci-
ety, 37: 50-56 （in Japanese with English summary）.
 （Received  29. Nov. 2011   Accepted  15. Feb. 2012）
48 HortResearch № 66
CW3_AZ096_07_D09.indd   48 2012/04/16   15:50:13
プロセスシアンプロセスマゼンタプロセスイエロープロセスブラック
